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(57) ABSTRACT

A filter assembly, panel filter element, and servicing method
is provided for reducing inlet flow restriction from a housing
inlet into an inlet plenum and reducing outlet flow restriction
from an outlet plenum to a housing outlet.
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1
PANEL FILTER WITH REDUCED
RESTRICTION

BACKGROUND AND SUMMARY

The invention relates to panel filters.

Panel filters are known in the prior art. Fluid to be filtered
typically flows from an inlet then transversely through the
panel filter element then to an outlet.

The present invention arose during continuing develop-
ment efforts in panel filter technology.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an isometric view of a filter assembly in accor-
dance with the invention.

FIG. 2 is like FIG. 1 but is partially cut-away.

FIG. 3 is a sectional view of the filter assembly of FIG. 1.

FIG. 4 is an isometric view of the panel filter element
assembly mounted in the filter housing of FIG. 1.

FIG. 5is a side view of the panel filter element assembly of
FIG. 4.

FIG. 6 is like FIG. 1 and shows another embodiment.

FIG. 7 is a cut-away view of the filter assembly of FIG. 6.

FIG. 8 is a sectional view of the filter assembly of FIG. 6.

FIG. 9 is like FIG. 8 and shows another embodiment.

FIG. 10 is an isometric view of the embodiment of FIG. 9.

FIG. 11 is like FIG. 4 and shows another embodiment.

FIG. 12 is a side view showing the panel filter element
assembly of FIG. 11.

FIG. 13 is a sectional view showing the panel filter element
assembly of FIG. 11 mounted in a housing.

FIG. 14 is an isometric view of another panel filter element
in accordance with the invention.

FIG. 15 is like FIG. 11 and shows another embodiment.

FIG. 16 is a side view of the panel filter element assembly
of FIG. 15.

FIG. 17 is a sectional view of the panel filter element
assembly of FIG. 15.

FIG. 18 is a sectional schematic view of an alternate
embodiment of a panel filter element assembly mounted in a
housing.

FIG. 19 is like FIG. 18 and shows another embodiment.

FIG. 20 is like FIG. 18 and shows another embodiment.

FIG. 21 is like FIG. 18 and shows another embodiment.

DETAILED DESCRIPTION

FIGS. 1-5 show a filter assembly 30 including a housing 32
having an inlet 34 and an outlet 36, and a panel filter element
38 including filter media 40 in the housing for filtering fluid
flowing from inlet 34 to outlet 36. Panel filter element 38
divides the housing into an inlet plenum 42 and an outlet
plenum 44. Panel filter element 38 is configured to a) reduce
inlet flow restriction from inlet 34 into inlet plenum 42 and b)
reduce outlet flow restriction from outlet plenum 44 to outlet
36. As seen in FIG. 3, panel filter element 38 is positioned so
as to not block nor obstruct inlet fluid flow from inlet 34 into
inlet plenum 42, and is also positioned so as to not block nor
obstruct outlet fluid flow from outlet plenum 44 to outlet 36.
The panel filter element is further configured and positioned
to increase void space in inlet plenum 42 and to increase void
space in outlet plenum 44.

In an air filter implementation, optimized or maximized
upstream inlet volume in inlet plenum 42 is desired for
improved dirt distribution to panel air filter element 38. In
some automotive air filter applications, optimized and maxi-
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mized downstream volume in outlet plenum 44 is desired for
improved performance of the MAFS (mass air flow sensor)
downstream thereof. Void space and open volume prior to the
MATFS is significant in affording consistent MAFS perfor-
mance as the panel air filter element loads with time, i.e. clean
to dirty. In various vehicle packaging environments, void
space in the housing is minimal, or is only available in loca-
tions which are not useful. The disclosed combination desir-
ably lowers restriction through the air intake system in an
automotive application, including both the inlet into the inlet
plenum and the outlet from the outlet plenum.

In FIG. 2, fluid flows along a rectilinear inlet fluid flow path
46 through housing inlet 34 into inlet plenum 42 without
intercepting panel filter element 38, and then turns from rec-
tilinear inlet fluid flow path 46 to flow through panel filter
element 38 as shown at arrow 48, and then turns and flows
along a rectilinear outlet fluid flow path 50 through housing
outlet 36 from outlet plenum 44 without intercepting panel
filter element 38. In an alternate or additional fluid flow
description, fluid flows axially into the housing along a first
axial flow direction at 46 through inlet 34, and then trans-
versely as shown at arrow 48 through panel filter element 38,
and then axially out of the housing along a second axial flow
direction at 50 through outlet 36. In the embodiment shown,
fluid flows along an axial flow direction in each of plenums 42
and 44, though other flow directions are possible. Fluid flows
transversely as shown at arrow 48 through panel filter element
38 from inlet plenum 42 to outlet plenum 44. Inlet plenum 42
and outlet plenum 44 are transversely spaced on opposite
sides of panel filter element 38 which is transversely placed
therebetween. Panel filter element 38 extends obliquely rela-
tive to the noted axial flow direction. The volume of inlet
plenum 42 increases as fluid progresses away from inlet 34,
i.e. flows leftwardly therefrom in FIGS. 2 and 3, and the
volume of outlet plenum 44 decreases as fluid progresses
towards outlet 36, i.e. flows leftwardly in FIGS. 2 and 3.

FIGS. 6-10 show another embodiment and use like refer-
ence numerals from above where appropriate to facilitate
understanding. In this embodiment, the volume of inlet ple-
num 42 decreases as fluid progresses away from inlet 34, i.e.
moves leftwardly in FIGS. 7 and 8, and the volume of outlet
plenum 44 increases as fluid progresses towards outlet 36, 1.e.
moves leftwardly in FIGS. 7 and 8.

Panel filter element 38 has a border frame 52, FIGS. 4, 5,
having distally opposite first and second endwalls 54 and 56,
FIG. 2. First endwall 54 is proximate inlet 34. Second endwall
56 is proximate outlet 36. Each endwall has a height extend-
ing along the direction of fluid flow through panel filter ele-
ment 38, as shown at arrow 48. The height of the first endwall
is different than the height of the second endwall. In the
embodiment of FIGS. 2 and 7, the height of first endwall 54 is
greater than the height of second endwall 56. Panel filter
element 38 has a height along the direction of fluid flow
therethrough, i.e. as shown at arrow 48. The height of first
endwall 54 is greater than the height of the panel filter ele-
ment, and the height of second endwall 56 is less than the
height of the panel filter element.

Housing 32 includes a base 58 and a cover 60 meeting at an
interface split line 62, FIG. 1. In one embodiment, border
frame 52 of panel filter element 38 has a mounting gasket or
flange 64, FIG. 4, mounting the panel filter element to the
housing at split line 62, e.g. by being sandwiched between
complemental flanges on the housing base and cover, and
sealing outlet plenum 44 from inlet plenum 42. In FIGS. 1-3,
interface split line 62 and panel filter element 38 extend
obliquely relative to the noted axial direction 46 and/or 50. In
FIGS. 6-8, interface split line 62a extends parallel to the noted
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axial direction 46 and/or 50, and panel filter element 38
extends obliquely relative to the noted axial direction. In
FIGS. 1-3, the split line and the panel filter element may
extend in parallel or non-parallel relation to each other. In
FIGS. 6-8, the split line and the panel filter element extend in
non-parallel relation to each other.

InFIGS. 6-10, cach of base 58 and cover 60 has a respective
set of shelves 66 and 68 engaging and trapping border frame
52 of the panel filter element in mounted and sealed relation
therebetween. At least one of the shelves, e.g. shelf 68, FIGS.
7-10, is transversely spaced from the noted split line 624. In
one embodiment, the shelves include transversely extending
ribs, e.g. ribs 70 formed in base 58, engaging and supporting
border frame 52. A given set of shoulders such as shoulder 68
on cover 60 extend parallel to the panel filter element and
engage border frame 52 in sealing relation, e.g. at gasket 72.
Another given set of shelves such as 74 of base 58 extend
obliquely relative to the panel filter element and engage bor-
der frame 52 at the lower edge thereof in sealing relation.

In FIGS. 1-10, the panel filter element 38 is rectiplanar, i.e.
lies in a single two-dimensional plane which is rectilinear in
each of such two dimensions. In further embodiments, the
panel filter element is non-rectiplanar, for example as shown
in FIGS. 11-21, where like reference numerals are used from
above where appropriate to facilitate understanding. In FIGS.
11-13, panel filter element 80 has at least one curved section
82, and in a further embodiment at least two curved sections
82, 84, and in a further embodiment is S-shaped and has a
transition section 86, between two curved sections 82 and 84,
with the transition section 86 having an upstream face 88
facing inlet 34 across inlet plenum 42, and a downstream face
90 facing outlet 36 across outlet plenum 44. The panel filter
element includes filter media 92 which may take various
forms as known, including pleated filter media as shown in
FIG. 14.

The panel filter element, 38, FIGS. 1-10, 80, FIGS. 11-14,
80a, FIGS. 15-17, includes filter media 40, 92, 92¢ having a
border frame 52, 94, 94a configured to mount the panel filter
element 38, 80, 80q in an orientation reducing incoming flow
resistance to and also outgoing flow resistance from the panel
filter element. In FIGS. 1-10, the filter media and the border
frame extend along respective first and second planes
obliquely relative to each other. In FIGS. 11-13, the filter
media and the border frame extend parallel to each other, and
in one embodiment in a non-rectilinear S-shape. In FIGS.
15-17, the filter media extends along a wave shape in the
border frame, and in one embodiment in an S-shape in a
rectiplanar border frame. In one embodiment, the filter media
is rectiplanar, FIGS. 1-10. In another embodiment, the border
frame is rectiplanar, FIGS. 1-10, 15-17. In another embodi-
ment, the filter media is non-rectiplanar, FIGS. 11-21. In
another embodiment, the border frame is non-rectiplanar,
FIGS. 11-13. A lattice-work cage 96, FIG. 11, 96a, FIG. 15,
may be supported by the border frame and envelop filter
media 92, 92a. The cage may be non-rectiplanar and con-
formingly shape the filter media to be non-rectiplanar. FIGS.
18-21 show further embodiments of panel filter elements 102,
104, 106, 108, respectively, for enhancing void space in inlet
plenum 42 at inlet 34 and/or in outlet plenum 44 at outlet 36,
to reduce inlet flow restriction from inlet 34 into inlet plenum
42 and reduce outlet flow restriction from outlet plenum 44 to
outlet 36.

The present system provides a method for servicing a filter
having a filter housing with a mating base and cover defining
a filter chamber retaining a panel filter element when the base
and cover are mated to each other. The panel filter element
filters fluid flowing from a housing inlet to a housing outlet.
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The panel filter element divides the filter chamber into an inlet
plenum and an outlet plenum, with the panel filter element
being configured to a) reduce inlet flow restriction from the
inlet into the inlet plenum and b) reduce outlet flow restriction
from the outlet plenum to the outlet. The method includes
providing the panel filter element and at least a selected one of
the cover and the base with respective complemental first and
second configurations, and disabling mating of the base and
the cover to each other with the panel filter element in place
unless a panel filter element is selected having the noted first
configuration complementally interacting with the noted sec-
ond configuration. The method includes providing the base
and the cover meeting at an interface split line, providing the
panel filter element with a border frame mounting the panel
filter element to the housing at the split line and sealing the
outlet plenum from the inlet plenum, providing the border
frame with the first configuration, and providing the split line
with the second configuration. In a further embodiment,
wherein fluid flows transversely through the panel filter ele-
ment from the inlet plenum to the outlet plenum, the method
includes providing the base and the cover meeting at an inter-
face split line, providing the panel filter element with a border
frame mounting and sealing the panel filter element in the
housing, providing each of the base and the cover with a
respective set of shelves, engaging and trapping the border
frame in mounted and sealed relation between the shelves,
and providing at least one of the shells transversely spaced
from the noted split line. In a further embodiment, the method
includes providing some of the shelves as transversely
extending ribs, and engaging and supporting the border frame
with the ribs. In a further embodiment, the method includes
providing a given set of shelves extending parallel to the panel
filter element and engaging the border frame in sealing rela-
tion. In a further embodiment, the method includes providing
afirst given set of shelves extending parallel to the panel filter
element and engaging the border frame in sealing relation,
and providing a second given set of shelves extending
obliquely relative to the panel filter element and engaging the
border frame in sealing relation.

In the foregoing description, certain terms have been used
for brevity, clearness, and understanding. No unnecessary
limitations are to be inferred therefrom beyond the require-
ment of the prior art because such terms are used for descrip-
tive purposes and are intended to be broadly construed. The
different configurations, systems, and method steps described
herein may be used alone or in combination with other con-
figurations, systems and method steps. It is to be expected that
various equivalents, alternatives and modifications are pos-
sible within the scope of the appended claims. Each limitation
in the appended claims is intended to invoke interpretation
under 35 U.S.C. §112, sixth paragraph, only if the terms
“means for” or “step for” are explicitly recited in the respec-
tive limitation.

What is claimed is:

1. A filter assembly comprising a housing having an inlet
and an outlet, a panel filter element in said housing for filter-
ing fluid flowing from said inlet to said outlet, said panel filter
element dividing said housing into an inlet plenum and an
outlet plenum, said panel filter element being configured to:
a) reduce inlet flow restriction from said inlet, to said inlet
plenum; and b) reduce outlet flow restriction from said outlet
plenum to said outlet, wherein fluid flows along an axial
direction in at least one of said inlet and outlet plenums, and
flows transversely through said panel filter element from said
inlet plenum to said outlet plenum, said inlet plenum and said
outlet plenum are transversely spaced on opposite sides of
said panel filter element therebetween, wherein said panel
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filter element extends obliquely relative to said axial direc-
tion, and wherein the volume of said inlet plenum increases as
fluid progresses away from said inlet, and the volume of said
outlet plenum decreases as fluid progresses towards said out-
let.

2. The filter assembly accordingly to claim 1 wherein said
housing comprises a base and a cover meeting, at an interface
split line, and said panel filter element has a border frame with
a mounting flange mounting said panel filter element to said
housing at said split line and sealing said outlet plenum from
said inlet plenum.

3. The filter assembly according to claim 1 wherein said
panel filter element is rectiplanar.

4. The filter assembly according to claim 1 wherein said
panel filter element is non-rectiplanar.

5. The filter assembly according to claim 4 wherein said
panel filter element has at least one curved section.

6. The filter assembly according to claim 5 wherein said
panel filter element has at least two curved sections.

7. The filter assembly according to claim 1 wherein said
panel filter element is S-shaped and has a transition section
between two curved sections, said transition section having
an upstream face facing said inlet across said inlet plenum,
and a downstream face facing said outlet across said outlet
plenum.

8. A filter assembly comprising a housing having an inlet
and an outlet, a panel filter element in said housing for filter-
ing fluid flowing from said inlet to said outlet, said panel filter
element dividing said housing into an inlet plenum and an
outlet plenum, said panel filter element being configured to:
a) reduce inlet flow restriction from said inlet to said inlet
plenum; and b) reduce outlet flow restriction from said outlet
plenum to said outlet, wherein said panel filter element has a
border frame having distally opposite first and second end-
walls, said first endwall being proximate said inlet, said sec-
ond endwall being proximate said outlet, each said endwall
having a height extending along the direction of fluid flow
through said panel filter element, wherein the height of said
first endwall is different than the height of said second end-
wall.

9. The filter assembly according to claim 8 wherein the
height of said first endwall is greater than the height of said
second endwall.

10. The filter assembly according to claim 8 wherein said
panel filter element has a height along the direction of fluid
flow therethrough, and wherein the height of one of said first
and second endwalls is greater than the height of said panel
filter element, and the height of the other of said first and
second endwalls is less than the height of said panel filter
element.

11. A filter assembly comprising a housing having an inlet
and an outlet, a panel filter element in said housing for filter-
ing fluid flowing from said inlet to said outlet, said panel filter
element dividing said housing into an inlet plenum and an
outlet plenum, said panel filter element being configured to:
a) reduce inlet flow restriction from said inlet to said inlet
plenum; and b) reduce outlet flow restriction from said outlet
plenum to said outlet, wherein fluid flows along an axial
direction in at least one of said inlet and outlet plenums, and
flows transversely through said panel filter element from said
inlet plenum to said outlet plenum, said inlet plenum and said
outlet plenum are transversely spaced on opposite sides of
said panel filter element therebetween, and wherein said

10

15

20

25

30

40

45

50

55

6

housing comprises a base and a cover meeting at an interface
split line, and wherein at least one of said split line and said
panel filter element extends obliquely relative to said axial
direction, wherein said split line extends parallel to said axial
direction, and said panel filter element extends obliquely
relative to said axial direction.

12. A filter assembly comprising a housing having an inlet
and an outlet, a panel filter element in said housing for filter-
ing fluid flowing from said inlet to said outlet, said panel filter
element dividing said housing into an inlet plenum and an
outlet plenum, said panel filter element being configured to:
a) reduce inlet flow restriction from said inlet to said inlet
plenum; and b) reduce outlet flow restriction from said outlet
plenum to said outlet, wherein fluid flows along an axial
direction in at least one of said inlet and outlet plenums, and
flows transversely through said panel filter element from said
inlet plenum to said outlet plenum said inlet plenum and said
outlet plenum are transversely spaced on opposite sides of
said panel filter element therebetween, and wherein said
housing comprises a base and a cover meeting at an interface
split line, and wherein at least one of said split line and said
panel filter element extends obliquely relative to said axial
direction, wherein said split line and said panel filter element
extend in non-parallel relation to each other.

13. A filter assembly comprising a housing having an inlet
and an outlet, a panel filter element in said housing for filter-
ing fluid flowing from said inlet to said outlet, said panel filter
element dividing said housing into an inlet plenum and an
outlet plenum, said panel filter element being configured to:
a) reduce inlet flow restriction from said inlet to said inlet
plenum; and b) reduce outlet flow restriction from said outlet
plenum to said outlet, wherein fluid flows transversely
through said panel filter element from said inlet plenum to
said outlet plenum, said housing comprises a base and a cover
meeting at an interface split line, said panel filter element has
a border frame for mounting and sealing said panel filter
element in said housing, each of said base and said cover has
a respective set of shelves engaging and trapping said border
frame in mounted and sealed relation therebetween at least
one of said shelves being transversely spaced from said split
line.

14. The filter assembly according to claim 13 wherein said
shelves include transversely extending ribs engaging and sup-
porting said border frame.

15. The filter assembly according to claim 13 wherein a
given set of said shelves extend parallel to said panel filter
element and engage said border frame in sealing relation.

16. The filter assembly according to claim 13 wherein a
first given set of said shelves extend parallel to said panel filter
element and engage said border frame in sealing relation, and
a second given set of said shelves extend obliquely relative to
said panel filter element and engage said border frame in
sealing relation.

17. The filter assembly according to claim 13 wherein a
first given set of said shelves extend parallel to said panel filter
element and engage said border frame in sealing relation, and
a second given set of said shelves extend obliquely relative to
said panel filter element and engage said border frame in
sealing relation, and a third given set of said shelves comprise
transversely extending ribs engaging and supporting said bor-
der frame.



